S agittal synostosis is the premature closure of the sagittal suture. The typical scaphocephalic skull shape results from restricted growth at the affected suture and compensatory growth at the patent sutures. Although sagittal synostosis is mainly considered to be a cosmetic problem, variable incidences of increased intracranial pressure (ICP) and mild cognitive disturbances have been described despite treatment.
age. The latter was verified by US and worldwide surveys of currently used techniques. In these surveys the majority of centers still performed total remodeling: 61% and 66%, respectively, according to data presented at the International Society of Craniofacial Surgery Biennial Congress 2011 42 and the European Society of Craniofacial Surgery Biennial Congress 2012. 13 Apparently, centers are satisfied with their results and remain reluctant to adopt newer techniques given that long-term results are still unknown.
Long-term outcome is still a concern. Aesthetic results tend to decrease over time, as shown in several studies. 2, 15, 16 This phenomenon seems to occur regardless of the timing and extensiveness of the surgical correction. Moreover, the risk of developing increased ICP remains after remodeling. 1, 7, 8, 37, 52 The incidence of raised ICP in untreated patients is reported to be as high as 10%-20%. 8, 25 After surgery, the incidence decreases but remains at around 1%-9%. At our institution we hypothesized that long-term aesthetic results and cranial volume would increase by adding a widening bridge to the conventional frontobiparietal remodeling (FBR) by taking the sagittal strip, rotating it 90°, and fixating it between the parietal flaps. This complete remodeling is performed "late" (after 9 months of age) and is reserved for children who present to our institution after the age of 6 months. To validate our hypothesis, we compared the outcomes of 2 cohorts of patients, that is, those who underwent FBR either with or without adding the widening bridge.
methods
This study includes patients diagnosed with nonsyndromic sagittal synostosis. Exclusion criteria were familial cases of scaphocephaly, having had surgery performed elsewhere, and a follow-up of ≤ 1 year.
At our center, according to our treatment algorithm, patients presenting before the age of 6 months undergo early extended strip craniotomy. Patients presenting after 6 months of age undergo complete cranial remodeling between 9 and 12 months of age. This study covers the patients who underwent complete remodeling. All children underwent surgery at Sophia's Children's Hospital in Rotterdam. Data were retrospectively extracted from the patient medical records. Follow-up data were collected until the 1st of January 2011.
Roddi, Vaandrager, and colleagues described the gore pattern technique in 1993. 47 The modification of adding a widening bridge to biparietal remodeling with the gore pattern technique was introduced in 1999. Between 1999 and 2006, 35 consecutive patients at our institute underwent this modified technique. To create 2 equal groups, moving backward in time until 1991, we identified 34 consecutive patients who had undergone the original technique.
According to our protocol, a skull radiograph and CT were preoperatively obtained for each patient. Head circumference (HC) measurements, fundoscopy, standardized photos, and skull radiographs were obtained pre-and postoperatively at regular intervals. Information on complaints of headache was noted in the patient charts. At the postoperative follow-up, the surgeon graded the results as "good" in the case of no or slight residual signs of the primary abnormality; "acceptable" in the case of visible residual abnormality, such as frontal bossing, supraorbital narrowing, or occipital protuberance; and "unacceptable" in the case of an important and cosmetically disturbing abnormality in the head shape. In a blinded fashion, 2 independent surgeons scored on a 3-point scale any postoperative frontal bossing and temporal narrowing on standardized photographs. Other stigmata of scaphocephaly, such as low vertex and occipital bulleting, were not scored on the photographs because, in most cases, the hair concealed these signs.
The cranial index (CI) was calculated on skull radiographs by dividing the maximal length over the maximal width of the skull. Head circumference was recalculated into standard deviation by using the software from Growth Analyzer (Growth Analyzer B.V.).
The 2 surgical techniques performed in the patients were the FBR and the modified FBR (MFBR). The FBR consists of the creation of a sagittal strip, a frontal flap, and 2 parietal flaps ( Fig. 1A-D) . The frontal flap is shortened at its caudal edge and tilted backward (Fig. 1E ). Both parietal flaps are remodeled using the gore pattern technique and replaced with a slight overlap over the temporal bone ( Fig. 2A and B) . The modification ( Fig. 2C and D) consists of replacing the sagittal strip, which is rotated 90°, cut to the desired length, and fixed between both parietal flaps. The length of the strip is taken as the maximum that still allows closure of the skin without too much tension.
Data were analyzed using SPSS 19 (IBM Corp.). To compare the CI and HC between techniques and at different time points, we used the Mann-Whitney U-test. The occurrence of adverse events, such as headache and papilledema, was analyzed with Fisher's exact test. The effect of the surgical technique and preoperative CI on the postoperative CI was evaluated by univariable and multivariable regression analysis, as was the effect of the surgical technique and preoperative HC on postoperative HC. From these models, betas and corresponding p values were reported to quantify the effect of the independent variables on outcome. In addition, the coefficient of determination (R 2 ) was reported as a measure of how much variance in outcome was explained by the surgical technique versus the preoperative characteristics. The correlation between the different outcome measures and age at surgery was explored with Pearson correlation coefficients.
results
Sixty-nine children with isolated sagittal synostosis were included in this study: 34 underwent FBR and 35 underwent MFBR. The mean age at surgery was 11.3 months (range 5.0-18.0 months), and there were no significant differences between the 2 cohorts. Other patient characteristics are presented in Table 1 . The mean follow-up was 7 years (range 1-16 years, SD 4.7 years).
The length of the operations was nearly 3 hours, with no significant difference between the 2 techniques. The difference in blood loss between the 2 procedures was attributable to 1 patient, who had undergone surgery in 1994, suffered a sagittal sinus tear, and lost 7000 ml of blood. Dural defects occurred in 8 patients, but none of them resulted in a CSF leak postoperatively.
Surgeons scored a good result in 74% of cases, acceptable in 23%, and unacceptable in 3%; these scores were similar in both groups. Photographs were obtained in 56 of the 69 patients. Scores for frontal bossing and temporal narrowing are presented in Table 2 . Residual bossing was seen in 38% of patients and supraorbital narrowing in 62%. Frontal bossing became less visible with age; after 8 years of age, 84% had no visible bossing. Supraorbital narrowing occurred more frequently after the conventional than after the modified technique. One patient underwent secondary correction of the supraorbital narrowing. Further analysis of excessive supraorbital narrowing failed to reveal an underlying factor; temporal narrowing was not related to CI, age at surgery, or the extent of the correction of frontal bossing.
Preoperative and postoperative CIs are listed in Table  3 and graphed in Fig. 3 . Preoperative CI was 64 (range 59.1-69.0, SD 2.9) in patients undergoing FBR and 67 (range 62.0-76.9, SD 4.3) in those undergoing MFBR. Postoperative (12-24 months) CI increased by 9% to become 70.3 (range 63.9-77.4, SD 4.0) in the FBR group and by 12% to become 75.1 (range 65.9-84.4, SD 4.1) in the MFBR group. Both techniques showed a decrease in CI during subsequent years. This decrease at 37-48 months postoperatively was greater after FBR than after MFBR: 67 (62-73, SD 4.7) and 74 (64-80, SD 3.9), respectively. Regression analysis (Table 4) showed that CI in the MFBR group was, on average, 4.7% higher than that in the FBR group after 12-24 months (p < 0.001) and, on average, 6.6% higher after 37-48 months (p = 0.001) postoperatively. The effect was less pronounced at 24-36 months after surgery (b = 3.5%, p = 0.036).
Because CI has a tendency to decline over the years, we were interested to see if the influence of surgery on postoperative CI would diminish over the years as compared with the influence of preoperative CI. In other words, would the natural tendency of the skull growth eventually win over surgery? Multivariable regression analysis showed that the surgical technique had less impact on Table 4 ). For example, a 1% increase in preoperative CI was associated with a 0.7% increase in CI at 12-24 months (adjusted for surgical technique). However, the effect of surgery remained stable throughout the entire follow-up period.
The mean HC of patients, expressed as HC in SD (HCSD), was 1.7 preoperatively. During the 1st year after surgery, an initial increase in the SD of the HC was observed in both groups combined, which was followed by a decrease in the subsequent postoperative periods to a mean SD of 0.88 at 3-4 years after surgery (Table 3 and Fig. 4) . The HC was lower for MFBR compared with FBR at all time points, but the differences were not significant. Postoperative HC was mainly influenced by preoperative HC (R 2 0.41-0.59). For example, a 1 SD increase in preoperative HC was associated with a 0.64 SD increase in HC at 12-24 months. This effect remained throughout the entire follow-up (Table 5) .
For both techniques, papilledema and headache occurred with a similar frequency ( Table 2 ). This result was confirmed by statistical analysis (p = 0.1 and 0.8, respectively).
Papilledema occurred before surgery in 10.3% of 58 patients. After surgery, papilledema was observed in 3 (7%) of 44 examined patients, ages 3.5, 4, and 6 years. All had stagnating skull growth: mean decline of HCSD -1.5, compared with -0.7 in the whole group. The CI was normal (mean 78 [range 73-83]). Two patients had additional 24-hour ICP monitoring, which confirmed the suspicion of increased ICP. All 3 of these patients underwent reoperation.
In the charts of 57 patients, information was available on the occurrence of headache; 42% of them complained of headache. In 32%, headache occurred occasionally; in 10%, headache occurred frequently. The mean age at which headache complaints were reported was 5.6 years (range 2-12 years, SD 2.9).
discussion
In this study, the modified technique was comparable to the original with respect to duration of surgery, blood loss, and complications. The surgeon's score, in contrast to the CI, revealed no significant difference between the 2 patient groups. The surgeon's judgment of the operative result is frequently used to assess outcome; however, grading by the surgeon is subjective and may not be sufficiently discriminative. 41, 54 Cranial index continues to be the most commonly used measure. Because it discriminates between normal and abnormal values 14, 24 and is objective, reliable, and simple to assess, CI seems to be a robust outcome measure.
The photographic score also showed no difference between the 2 surgical techniques, perhaps because the score only addresses the forehead. It is noteworthy that, after the age of 8 years, frontal bossing had disappeared in almost all patients. Khechoyan et al. 32 demonstrated spontaneous correction of the frontal bossing in patients surgically treated at a mean age of 6 months. Our finding suggests that, with surgery at a later age, excessive correction of frontal bossing is unnecessary.
Introducing the widening bridge improved CI, not only immediately after surgery but also longer term. The initial postoperative CI of 75 or the 2-to 4-year postoperative CI of 73 was a good result, as compared with others. 2, 4, 6, 12, 15, 18, 22, 23, [29] [30] [31] [32] 36, 39, 40, 46, 51 The decrease in CI that we observed over time is comparable to the limited available data on long-term outcome. 2, 16 Adding a widening bridge complies with Fearon and colleagues' suggestion to overcorrect width to compensate for later growth restriction in that direction.
The present study has both strengths and limitations. Although it does have a relatively long mean time to follow-up, because of some loss to follow-up, our analysis of long-term outcome is somewhat less reliable. However, as all of our results were consistent over time, we believe that no bias occurred as a result of that loss to follow-up. Studying the effect of treatment on nonrandomized data carries the risk of confounding by indication. In our study the treatment decision (MFBR vs FBR) was not based on patient characteristics but simply on a change that occurred over time, which is reflected in the comparability of the 2 groups in terms of baseline characteristics. Additionally, we adjusted for preoperative CI and HC.
It is interesting that preoperative CI had a greater impact on postoperative CI than surgery. However, in contrast to what we expected, the effect of surgery does not decrease during follow-up. Surprisingly, the surgical technique improved CI but not HC, perhaps because of the increased rotundity. Defining the ideal postoperative HC remains difficult since preoperative HC, CI, and the potential for normal and compensatory growth influenced it. A postoperative decrease in HC to a level still larger than that in the normal population has been reported. 15, 51 In the present study, HC was overcorrected since it increased from larger than normal before surgery to even larger after surgery. In the 2-3 years after surgery, HC decreased and stabilized around 0.88 SD. This means that the timing and extent of surgery can influence cranial volume for about 2-3 years postsurgery. The impact of this difference is unknown but may be important since it occurs in a period with the most extensive cerebral growth.
Papilledema occurred after surgery at the age of around 4-6 years in 7% of the examined patients; however, only 44 of the 69 patients were examined. It is very likely that patients with complaints were examined and that patients without any risk factors were not. Calculating the percentage over the entire study population brings the percentage down to 4%. However, either percentage remains high compared with those reported by others. 1, 7 In our patients, headache was reported relatively frequently: in 24 (42%) of 57. However, compared with its prevalence in the normal pediatric population, this per- centage is not particularly high. In the general population, 25% of children report incidental headache by the age of 5 years. In 7-to 9-year-old children, 47.2% have experienced headache. 19 Our data show that headache is a frequent complaint after surgery for sagittal synostosis, but its prevalence does not exceed that in the normal population.
We have shown that surgical correction influences HC until the age of 3-4 years. It is remarkable that papilledema and headache start to occur immediately after this period. Sagittal synostosis carries a larger risk for developing papilledema and elevated ICP, both before and after surgery, than other unisutural synostosis. One may speculate on the origin of this finding. The suture is longer than the others and therefore may have more impact on skull growth. Moreover, the synostosis occurs at the level of sagittal sinus where the synostosis may compromise venous drainage or the functioning of arachnoid villi. Further research on these pathophysiological mechanisms may help to find (surgical) techniques that prevent increased ICP in these children.
What is the impact of the findings in this study given the increasing popularity of minimally invasive and endoscope-assisted correction of sagittal synostosis? Minimally invasive techniques are a valuable improvement in the procedures to correct sagittal synostosis. However, these techniques have better results with decreasing age at surgery, preferably around 3 months of age. 44, 46 Not all patients are referred soon enough to undergo such early interventions; for those patients, late remodeling remains a reality. Furthermore, long-term results on minimally invasive procedures are scarce, and data on the incidence of elevated ICP and papilledema are lacking. The high incidence of papilledema in the present study demonstrates that detailed long-term follow-up is necessary to establish the safety of minimally invasive procedures in the long term.
The large and increasing number of techniques to correct sagittal synostosis necessitates the definition of outcome parameters that adequately reflect surgical results. A set of both functional and cosmetic measures is indicated, in which craniocephalic measurements, such as CI, and clinical and patient-reported grading systems are complementary.
conclusions
Introducing a widening bridge to FBR remodeling performed at 9-12 months of age results in a significantly higher postoperative CI. Although CI decreases on longer follow-up, the positive effect of adding a bridge remains significant in the long term (37-48 months postoperatively). Therefore, we recommend the addition of a widening bridge to FBR for sagittal synostosis when surgery is performed after the age of 9 months.
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